Endoreplication, also known as endoreduplication, is a phyogenetically wide-spread modified version of the cell cycle in which DNA replication is not followed by cell division. The 
INTRODUCTION
In multicellular eukaryotes, development requires close coordination of cell division, cell growth and cell differentiation to produce the organs and tissues of the mature individual.
Because plants are sessile, and can only respond to environmental challenges by regulation of growth, these processes must be tightly, yet flexibly, regulated. An important aspect of this coordination is achieved via control of the key cell cycle regulatory proteins, cyclin-dependent kinases (CDKs) and their respective cyclin (CYC) partners by plant hormones, environmental stimuli and nutritional signals (DEWITTE and MURRAY 2003; RAMIREZ-PARRA et al. 2005) . In the archetypal model of the cell cycle, DNA replication is followed by mitosis and cytokinesis, and the replicated DNA is shared equally between the two daughter cells. As a result, the DNA content of cells oscillates between 2C and 4C, with C representing DNA content of the haploid genome. Often, however, the cell cycle is modified to meet the needs of specific developmental contexts. One common developmental variant of the cell cycle is called endoreplication or endoreduplication, in which the cell undergoes several rounds of DNA replication without mitosis or cytokinesis, resulting in a cell with DNA content greater than 4C. (EDGAR and ORR-WEAVER 2001; LARKINS et al. 2001) .
Endoreplication is developmentally regulated, and occurs in specific stages and tissues in both plants and animals. In animals, endoreplication occurs in Drosophila larval tissues, mammalian megakaryocytes and placental trophoblasts, among other instances (EDGAR and ORR-WEAVER 2001) . The nuclear DNA content of endoreplicated cells is often, though not always, correlated with cell size (MELARAGNO et al. 1993) , and endoreplication may occur when natural selection favors production of large cells. In spite of the common occurrence of this altered cell cycle variant in plants, and its role in economically important processes such as fruit development (CHENICLET et al. 2005; JOUBES et al. 1999; KOWLES and PHILLIPS 1985) and nitrogen fixation (VINARDELL et al. 2003) , the control of the switch from mitotic cycles to endoreplication remains poorly understood.
In animals, the study of endoreplication is most advanced in Drosophila (LILLY and DURONIO 2005) . Endoreplication requires downregulation of mitotic A-type and B-type cyclins, as well as the Drosophila CDC25 homolog String and other factors that promote mitosis, coupled with the upregulation of CDH1/FZR. CDH1/FZR is an activator of the Anaphase-Promoting Complex/Cyclosome (APC/C activator), a ubiquitin E3 ligase that targets mitotic cyclins for degradation by the 26S proteasome. Repeated rounds of DNA replication are driven by cycling of CYCE/CDK kinase activity mediated by the CDK inhibitor Dacapo, which enforces low CDK activity between rounds of replication during endocycles to promote replication licensing (HONG et al. 2007) . As in Drosophila, endoreplication in mammalian trophoblasts requires expression of a CDK inhibitor, p57 KIP , and CDH1/FZR, but surprisingly does not require downregulation of mitotic cyclins (GARCIA-HIGUERA et al. 2008; ULLAH et al. 2008 ).
In many respects, the control of endoreplication in plant cells resembles that in animals.
Plants lack the CDC25 phosphatase (BOUDOLF et al. 2006; DISSMEYER et al. 2009 ), but employ both CDH1/FZR-like APC/C activators and CDK inhibitors in the control of their endocycle (reviewed in (INZÉ and DE VEYLDER 2006) ). Plants have two types of CDH1/FZR proteins, termed CCS52A and CCS52B (TARAYRE et al. 2004) . Based on time of expression during the cell cycle, the CCS52A proteins seem likely to be the most similar in function to CDH1/FZR proteins (FÜLOP et al. 2005) . Arabidopsis has two CCS52A homologs, CCS52A1 and CCS52A2, and one CCS52B homolog. Expression of the plant CDH1 homolog CSS52 in Medicago sativa is correlated with both the degree of endoreplication and with endoreplication onset, and endoreplication levels are decreased by expression of an antisense CDH1/CCS52 construct (VINARDELL et al. 2003) . CDK inhibitors of the ICK/KRP class, which are distantly related to the mammalian p57 KIP and Drosophila Dacapo proteins, can also affect endoreplication in a dose-dependant fashion when overexpressed, blocking mitosis and promoting endoreplication at moderate levels and inhibiting both mitosis and endoreplication at high levels (VERKEST et al. 2005b; WEINL et al. 2005) . However, these proteins have not yet been shown to play a role in naturally occurring endoreplication.
Arabidopsis trichomes, or shoot epidermal hairs, are a model for the study of endoreplication and other aspects of plant cell differentiation (LARKIN et al. 2007; LARKIN et al. 2003) . These trichomes are large branched single cells that protrude from the epidermis and have a DNA content of 16C to 32C (HÜLSKAMP et al. 1994; MELARAGNO et al. 1993) . One key regulator of the transition from mitosis to endoreplication in plants, the Arabidopsis SIAMESE (SIM) gene, was originally identified by mutants that produce multicellular trichomes that have undergo mitosis instead of endoreplication (WALKER et al. 2000) . Overexpression of SIM results in large, highly endoreplicated cells in leaves, and the gene encodes a protein that binds to CDKA and D-type cyclins (CYCDs) and defines a family of plant-specific CDK inhibitors distinct from the ICK/KRP family (CHURCHMAN et al. 2006; PERES et al. 2007 ). The sim lossof-function mutations result in misexpression of mitotic B-type cyclins (CYCBs) in developing trichomes, suggesting that SIM acts upstream of CYCB transcript accumulation to prevent mitosis and promote endoreplication in developing trichomes (CHURCHMAN et al. 2006; SCHNITTGER et al. 2002) . To date, SIM is the only plant protein known that functions primarily to regulate the transition to the endocycle.
In this work, a screen for genetic modifiers of the sim-1 mutant trichome phenotype, we have identified loss-of function mutations in the gene encoding the CDH1-like protein CCS52A1
that dramatically enhance the multicellular trichome phenotype resulting from mutations in sim.
Conversely, over-expression of CCS52A1 completely suppresses the sim mutant phenotype.
These results, as well as interactions between ccs52a1 and B-type cyclin overexpressing constructs, suggest that CCS52A1 and SIM play complementary roles in establishing the endocycle.
MATERIALS AND METHODS

Plant Material and Growth Conditions.
Arabidopsis thaliana genotype Col-0 was used as the wild-type control. The sim-1 mutation has been previously described (CHURCHMAN et al. 2006) . The T-DNA insertion lines SALK_083656 and SALK_101689 were obtained from the Arabidopsis Biological Resource
Center, and the locations of the inserts were confirmed by sequencing of T-DNA-genomic border fragments recovered by PCR. These T-DNA lines have been characterized previously and shown to express little or no full-length transcript of the gene AT4G22910 (LAMMENS et al. 2008; LARSON-RABIN et al. 2009; VANSTRAELEN et al. 2009 ). Transgenic lines overexpressing the cyclins CYCB1;1, CYCB1;2 from the GL2 promoter (proGL2) were provided by Dr. Arp Schnittger (University of Strasbourg, Strasbourg, France; (SCHNITTGER et al. 2002; SCHNITTGER et al. 2005) ). Plants were grown as previously described (LARKIN et al. 1999) .
Isolation of mutants.
Homozygous 
Genetic mapping and identification of the gene.
Bulked segregant analysis (LUKOWITZ et al. 2000) was used to map the ccs52a1-3 mutation to a region on Chromosome VI near the molecular marker ciw7 on BAC clone F18E5, based on the reduced trichome branching phenotype. Genomic DNA samples of 883 mutant plants from an F2 population of a cross between the single mutant (Col background) and
Landsberg erecta (Ler) were tested by PCR with molecular markers generated using the Cereon database of Columbia (Col)-Landsberg erecta (Ler) polymorphisms (www.arabidopsis.org/cereon/index.jsp). The mutation was localized to a region of ~140 kb between two CAPs markers (Table S1 ), F7H19-3a and T12H17-2 that contained portions of two overlapping BAC clones, F7H19 and T12H17. The mutation in this allele (ccs52a1-3) was identified by sequencing the putative candidate gene AT4G22910, and the alleles ccs52a1-4, ccs52a1-5, ccs52a1-6, ccs52a1-7, and ccs52a1-8 were subsequently shown to contain mutations in this same gene.
Generation of transgenic lines and growth conditions.
For molecular complementation of the ccs52a1-3 mutation, the genomic coding sequence of AT4G22910 (CCS52A1) as well as 1607 bp upstream sequence and 617 bp downstream sequence was PCR amplified from the BAC clone F7H19 using primers ENS2-1CF and ENS2-1CR3 (Table S1 ). This fragment was inserted into the GATEWAY ® entry vector pENTR D-TOPO (Invitrogen, Carlsbad, CA), followed by recombination into the promoterless GATEWAY ® destination binary vector pMDC100 (CURTIS and GROSSNIKLAUS 2003) , to create pMDC100/ENS2C-5.2, which was used to transform ccs52a1-3 plants.
The full-length coding sequence of CCS52A1 was PCR amplified from the BAC clone F7H19 using primers ENS2-1F and ENS2-1R1 (Table S1) , inserted into pENTR D-TOPO and recombined into the GATEWAY ® -compatible destination vector pLEELA-pGL2 (a gift of Arp Schnittger, University of Strasbourg, Strasbourg, France) for expression from the GLABRA2 promoter (proGL2). A previously described pDONR221/CCS52A2 coding region construct (LAMMENS et al. 2008 ) was used for recombination of the CCS52A2 coding region into pLEELApGL2.
All PCR-generated constructs were confirmed by sequencing. The resulting plasmids were introduced into Agrobacterium tumefaciens either by electroporation or by the freeze-thaw method (WEIGEL and GLAZEBROOK 2002) and then into plants via floral dip method (CLOUGH and BENT 1998), selected on medium containing the relevant antibiotics and transferred to soil.
Characterization of phenotypes.
Trichomes were examined by scanning electron microscopy (SEM) as previously described (LARKIN et al. 1999) . Trichome branch numbers were counted using the SEM for all trichomes on the adaxial side of the first or second leaf from at least 10 plants of each genotype.
The number of cells per trichome initiation site (TIS) was determined by fluorescence microscopy of 4',6-diamidino-2-phenylindole (DAPI) stained leaves (WALKER et al. 2000) .
Nuclear DNA measurements.
In situ measurement of trichome nuclear DNA contents were measured and normalized as previously described . Flow cytometric analysis of nuclear DNA contents was performed as previously described (VERKEST et al. 2005a) . Statistical analysis was performed using SigmaStat software (Systat software Inc., San Jose, CA). Nuclear DNA contents were compared using the non-parametric Kruskal-Wallis One Way ANOVA test.
RESULTS
Isolation of phenotypic enhancers of sim.
Wild-type trichomes are unicellular and typically have three or four branches ( Figure   1A ). The sim-1 mutation is a loss-of-function mutation resulting in multicellular and/or clustered trichomes ( Figure 1B ). In a screen for modifiers of the sim-1 mutant trichome phenotype, we isolated recessive mutants that dramatically enhanced the multicellular trichome phenotype of sim-1. Six of these mutations were allelic, defining a single gene ( Figure 1C ). In homozygous double mutants of sim and this enhancer, the number of nuclei per trichome initiation site (TIS, a site containing one cell or several contiguous cells phenotypically recognizable as trichome cells)
was increased nearly five-fold relative to the sim-1 single mutant ( Figure 1D ; Table 1 ). Putative homozygous single mutants of each of the six alleles separated from sim-1 exhibited unicellular trichomes with reduced branching, producing predominantly two-branched trichomes on their leaves ( Figure 1E ,F Table 2 ). Crossing these putative single mutants back to sim-1 reconstructed the enhanced multicellular phenotype in the F2, confirming that the mutations causing reduced trichome branching were identical to the mutations enhancing the sim-1 phenotype.
A phenotypic enhancer of sim encodes a CDH1-like activator of the Anaphase Promoting
Complex/Cyclosome (APC/C).
One allele was mapped to a region of ~114kb on chromosome IV. The most promising candidate gene in the region was AT4G22910, chosen because it encodes the CDH/FZR-like protein CCS52A1. Sequencing revealed a C to T point mutation (TCT to TTT) in exon 4 that changes a conserved serine to phenylalanine at codon 316 in the allele used for mapping ( Figure   2A ), which was designated ccs52a1-3. Another allele, designated ccs52a1-4, has a G to A point mutation (AG to AA) at the splice acceptor site of the first intron of AT4G22910 ( Figure 2A ).
The remaining four alleles, though presumed to be isolated independently based on the design of our screen, contained the same mutation as ccs52a1-4, and will not be considered further. Two T-DNA insertion lines in AT4G22910 were also available, one with an insertion in the fourth exon, and the other with an insertion in the second intron ( Figure 2A , ccs52a1-T1 and ccs52a1-T2 respectively). Recently, it was shown that neither T-DNA insertion expresses full-length transcripts of AT4G22910 (LAMMENS et al. 2008; LARSON-RABIN et al. 2009 ). Plants homozygous for either of these T-DNA alleles have trichome phenotypes indistinguishable from that of ccs52a1-3 ( Figure 1E ,F), and both fail to complement the ccs52a1-3 trichome phenotype.
Double mutants of sim-1 with either of these T-DNA alleles showed the same enhanced multicellular trichome phenotype of the ccs52a1-4 sim-1 double mutant ( Figure S1B ,C), and double mutants of either ccs52a1-3 or ccs52a1-4 and the sim-3 deletion allele also exhibited the enhanced phenotype ( Figure S1E ,F), demonstrating that the interaction between these two genes is not allele-specific. Given that the interaction occurs with apparent complete loss-of-function alleles of sim or ccs52a1, it is unlikely that the enhanced phenotype in the double mutant is due to a direct interaction between the proteins. Finally, the ccs52a1-3 mutant phenotype was rescued by specific expression in trichomes of the AT4G22910 coding sequence under the control of the GL2 promoter ( Figure 2D ) (WEINL et al. 2005) and by a genomic DNA fragment including 1607 bp upstream of the AT4G22910 start codon, the entire coding region plus 617 bp downstream of the stop codon. Together this evidence established that the gene identified by genetic enhancement of sim in our screen is AT4G22910, which encodes the CDH1/FZR homolog CCS52A1.
CCS52A1 and CCS52A2 are functionally equivalent, but only CCS52A1 is required for endoreplication in trichomes.
CDH1/FZR proteins are substrate-specific activators of the APC/C that regulate M/G1-phase-specific proteolysis and are required for endoreplication in a variety of organisms (CEBOLLA et al. 1999; SIGRIST and LEHNER 1997; SORENSEN et al. 2000) . Among the proteins targeted by the APC/C when activated by these proteins are the mitotic B-type cyclins.
Arabidopsis has three genes encoding CDH1/FZR-like proteins, the closely related CCS52A1
and CCS52A2 genes and the more divergent CCS52B1 gene (FÜLOP et al. 2005; TARAYRE et al. 2004) . During the mitotic cycle, CCS52A1 and CCS52A2 are expressed predominantly in G1/S, while CCS52B1 is primarily expressed during G2/M (FÜLOP et al. 2005; LAMMENS et al. 2008), suggesting that of these genes, CCS52A1 and CCS52A2 are most likely to have overlapping functions.
Recent work has shown that ccs52a1-T1 plants have reduced endoreplication in leaves and trichomes (LAMMENS et al. 2008; LARSON-RABIN et al. 2009) , and a similar reduction in DNA content in trichomes ( Figure 3A ), leaves ( Figure 3B ) and cotyledons ( Figure 3C ) was observed in our ccs52a1-3 plants. The role of the closely related CCS52A2 gene in trichome endoreplication had not been previously investigated. In contrast to the situation in whole leaves or cotyledons, where mutations in either gene affect endoreplication levels (LAMMENS et al. 2008) , the T-DNA-induced loss-of-function allele ccs52a2-1 did not affect endoreplication in trichomes ( Figure 3A ).
To further examine the role of these two homologous genes in trichome endoreplication, CCS52A1 and CCS52A2 were expressed specifically in trichomes from the GL2 promoter (proGL2). Wild-type trichomes typically have three or four branches, equivalent to two or three branch points ( Fig. 4A ; Table 2 ). Expression of either gene from the GL2 promoter resulted in a similar degree of increased trichome branching to four, five, or more branches (Figure 4B ,C; Table 2 ). Expression of either gene also increased the trichome nuclear DNA content a similar amount relative to wild-type ( Figure 5A ,B). Thus both genes are capable of triggering increased endoreplication in trichomes, even though only the ccs52a1 loss-of-function mutations affect endoreplication in trichomes. Furthermore, expression of CCS52A2 from the GL2 promoter was capable of complementing the ccs52a1 mutant phenotype ( Figure 2E ). These results are consistent with microarray results indicating that CCS52A1 transcripts are detectable in trichomes in microarray experiments, while CCS52A2 transcripts are not (MARKS et al. 2009 ).
CCS52A1 can suppress the sim-1 phenotype when overexpressed.
As noted earlier, wild type trichomes are unicellular and occur singly at every TIS ( Figure 4A ). In the sim-1 mutant, most trichomes are multicellular, often occurring in clusters of adjacent trichomes arising by mitotic division of a single precursor cell ( Figure 4D ; Walker et al. 1999 ). To investigate the role of the Arabidopsis CDH1/FZR-like proteins in relation to SIM, we expressed either CCS52A1 or CCS52A2 in sim-1 mutant plants under the control of the GL2
promoter. These sim-1 plants expressing either proGL2:CCS52A1 or proGL2:CCS52A2 had enlarged unicellular trichomes with supernumerary branches and no trichome clusters ( Figure   4E ,F, Table 3 ). The trichome phenotypes produced by overexpression of CCS52A1 or CCS52A2
in sim-1 mutant trichomes were essentially identical to those produced by expression of these transgenes in wild-type (Fig 4B,C) , indicating that overexpression of either CCS52A1 or CCS52A2 completely suppressed the sim-1 phenotype.
Overexpressing B-type cyclins in ccs52a1 mutants results in multicellular trichomes
Previous work demonstrated that CYCB1;1 and CYCB1;2 are ectopically expressed in sim mutant trichomes (CHURCHMAN et al. 2006; SCHNITTGER et al. 2002) . The N-termini of both CYCB1;1 and CYCB1;2 contain Destruction Box (DBox) motifs that target them for degradation by the APC/C. Furthermore, overexpression in trichomes of full-length CYCB1;2 in wild-type plants results in unicellular trichomes, but expression of an N-terminal deletion of CYCB1;2 lacking the Dbox results in multicellular trichomes (SCHNITTGER et al. 2002; SCHNITTGER et al. 2005 Figure 6A ,B, Table 4 ). Trichomes of plants overexpressing either of these B-cyclins in a wild-type background are unicellular ( Figure 6C ,E, Table 4 ) but nearly half of ccs52a1-3 proGL2:CYCB1;1 trichomes are multicellular ( Fig 6D, Table 4) , and approximately 20% of ccs52a1-3 proGL2:CYCB1;2 trichomes are multicellular ( Figure 6F , Table 4 ). We also observed that plants overexpressing these cell cycle regulators in the ccs52a1-3 mutant background had greatly reduced endoreplication when compared either to wild type or to ccs52a1-3 alone ( Figure   7 ). Note that since only a fraction of trichomes were multicellular, endoreplication was strongly inhibited even in unicellular trichomes. These data indicate that high levels of B-cyclins are incompatible with endoreplication, even in cells that fail to divide.
DISCUSSION
The discovery of the Arabidopsis SIM gene and its involvement in trichome endoreplication provided crucial clues regarding the switch between the mitotic cell cycle and the endocycle, but the mechanism by which the SIM protein regulates this switch remains unclear in spite of insights into the molecular interactions of the protein. SIM interacts with, and likely inhibits, the kinase activity of CYCD/CDK complexes (CHURCHMAN et al. 2006; PERES et al. 2007) , which are generally considered to trigger S-phase, yet SIM functions to block mitosis while allowing multiple rounds of DNA replication. Recent work indicates that SIM is rapidly upregulated in trichomes and is a direct target of the trichome-initiating transcription factors GL1
and GL3 (CHURCHMAN et al. 2006; JAKOBY et al. 2008; MOROHASHI and GROTEWOLD 2009), suggesting that SIM is the key regulator of entry into the endocycle during trichome development. The demonstration here that altering the level of functional CCS52A1 can enhance or suppress the sim mutant phenotype sheds light on the mechanism by which SIM regulates the transition to the endocycle during trichome development.
The Arabidopsis CCS52A1 gene product is a homolog of the CDH1/FIZZY-RELATED class of activators of the APC/C ubiquitin E3 ligase. During the mitotic cell cycle, APC/C CDH1 targets proteins containing the Dbox motif, and in some cases other amino acid sequence motifs, for proteolysis (HARPER et al. 2002) . Well-characterized APC/C CDH1 targets include the mitotic cyclins and geminin. Geminin is an inhibitor of replication origin licensing and blocks DNA replication if not degraded (MCGARRY and KIRSCHNER 1998; NISHITANI et al. 2001) . During the mitotic cycle, the function of APC/C CDH1 is to maintain low levels of CDK activity during late stages of mitosis and during G1, preventing reentry into mitosis and allowing replication origin licensing. In mammals (GARCIA-HIGUERA et al. 2008) , Drosophila (SIGRIST and LEHNER 1997) and plants (VINARDELL et al. 2003) , CDH1/FZR is also necessary for endoreplication, where it presumably functions in APC/C CDH1 to enforce a G1-like cell cycle phase between S phases. In Our work demonstrates that CCS52A1 promotes endoreplication in trichomes, while CCS52A2 does not ( Figure 3A) . Nonetheless, expression of either gene in trichomes can complement the ccs52A1 mutant phenotype ( Figure 2D ,E), and expression of either gene in wildtype trichomes results in a similar increase in the level of endoreplication ( Figure 5A ,B). These results suggest that the two proteins are functionally equivalent, and differ only in the regulation of their transcription. We have not examined the expression pattern of the two CCS52A genes in trichomes. However, in the data from a recent study of the trichome transcriptome, CCS52A1
expression was detectable in all trichome data sets analyzed, including wild-type trichomes and those of several mutant genotypes, while CCS52A2 was undetectable in all trichome data sets (MARKS et al. 2009 ). These results are consistent with those of a recent study demonstrating that differences in the roles of CCS52A1 and CCS52A2 in the root meristem were due to differences at the transcriptional level rather than to functional differences between the proteins (VANSTRAELEN et al. 2009 ).
The dramatic enhancement of the sim multicellular trichome phenotype seen in sim ccs52a1 double mutants was unexpected, given the unicellular reduced endoreplication phenotype of ccs52a1 single mutants. However, previous work demonstrated that expression of the mitotic cyclins CYCB1;1 and CYCB1;2 is reactivated in sim mutant trichomes, suggesting that SIM is involved in suppression of M-phase gene expression (CHURCHMAN et al. 2006; SCHNITTGER et al. 2002) . Both of these mitotic cyclins contain Dbox sequences, and thus are potential targets of the APC/C. Furthermore, expression in trichomes of an N-terminal truncation of CYCB1;2 that removes the destruction box promotes cell division in trichomes, while expression of the Dbox-containing full-length CYCB1;2 does not (SCHNITTGER et al. 2002; SCHNITTGER et al. 2005) . Here, we have shown that expression of full-length CYCB1;1 or CYCB1;2 results in cell division in ccs52a1 mutant trichomes (Table 4 , Figure 6D ,F), but not in wild-type trichomes (Table 4 , Figure 6C ,E). These results demonstrate that wild-type CCS52A1 function can suppress the effects of ectopic CYCB expression in developing trichomes, consistent with activation of the APC in trichomes by CCS52A1.
Perhaps the most significant result from our work is the complete suppression of the sim phenotype by overexpression of either CCS52A1 or CCS52A2 in developing trichomes (Table 3 , Fig. 4E,F) . This result strongly suggests that the sim mutant phenotype is largely or entirely due to ectopic expression of M-phase promoting targets of the APC/C CCS52A ubiquitin E3 ligase complex, which in a ccs52a1 mutant would not be targeted for proteolysis and thus lead to a higher frequency of mitosis. The mechanism by which SIM suppresses transcription of mitotic cyclins is unknown. Because SIM targets CYCD/CDK complexes, which are thought to primarily function during late G1 and S phases, it is possible that this suppression is indirect.
However, the three-repeat MYB transcription factors (MYB3Rs) that activate transcription of some G2/M-phase genes (HAGA et al. 2007; ITO et al. 2001) are activated by phosphorylation (ARAKI et al. 2004) . Transcription of these MYB3Rs appears to begin in late S phase, prior to G2/M CYCB transcription. It is possible that SIM could inhibit phosphorylation and activation of these or other G2/M transcription factors by a CYCD/CDK complex.
The APC/C CCS52A must also have another function during endoreplication separate from the pathway in which it cooperates with SIM to suppress accumulation of mitotic cyclins.
Trichomes of ccs52a1 SIM + plants have a very different phenotype from either sim CCS52A1 + or sim ccs52a1 double mutant plants. Not only do ccs52a1 SIM + trichomes fail to divide, they also exhibit reduced endoreplication ( Figure 3A) . Additionally, in the absence of ccs52a1, high levels of B-type cyclins, presumably resulting in high levels of CDK activity, strongly inhibit endoreplication, even in trichome cells that do not divide (Fig. 7) . The simplest interpretation of these observations is that there is another target of the APC/C
CCS52A
, not regulated by SIM, that must be degraded during the endocycle G1 phase for replication licensing or entry into S phase to occur. One candidate for such a factor is CYCA2;3, which has recently been shown to be a target of the APC/C CCS52A in roots (BOUDOLF et al. 2009; IMAI et al. 2006) . Another possibility would be a geminin-like protein. Although no clear geminin homolog has been found in plants, a possible functional equivalent has recently been suggested .
Although control of entry into endocyles from the mitotic cycle is not completely understood in any organisms, the general outlines of the mechanisms involved in the switch are becoming clear in several models. Endocycles in Drosophila appear to be triggered by upregulation of CDH1/FZR (NARBONNE-REVEAU et al. 2008; SCHAEFFER et al. 2004; SIGRIST and LEHNER 1997) , though the CDK inhibitor Dacapo is also needed to enforce low levels of CDK activity during G1 to allow replication licensing (HONG et al. 2007) . In contrast, recent work in mice demonstrates that endoreplication in mammal tropoblast stem cells is triggered by the CDK inhibitor p57/Kip2, which inhibits CDK activity in the continued presence of B-type mitotic cyclins (ULLAH et al. 2008) , although CDH1 is also required for endoreplication 
